Candidates for new thermoelectric and superconducting materials, which have narrow band gap and flat bands near band edges, were searched by the high-throughput first-principles calculation from an inorganic materials database. The synthesized SnBi2Se4 among the target compounds showed a narrow band gap of 354 meV, and a thermal conductivity of ~1 W･K -1 m -1 at ambient pressure. The sample SnBi2Se4 showed a metal-insulator transition at 11.1 GPa, as predicted by a theoretical estimation. Furthermore, the two pressure-induced superconducting transitions were discovered at under 20.2 GPa and 47.3 GPa. The datadriven search is a promising approach to discover new functional materials.
2
Data-driven material science (materials informatics [1] , materials genome initiative [2] , chemometrics [3] , and so on) recently brings remarkable results [4] [5] [6] [7] [8] [9] [10] . For example, the discovery of new cathode materials to extend the lifetime of lithium ion battery can be accelerated by using high-throughput screening approach [11] . On the other hand, searching for new functional materials of thermoelectric materials and/or superconductors has been mostly still conducted through a carpet-bombing type experiment depending on experiences and inspirations of researcher.
In this study, we exhaustively searched the candidates for new thermoelectric and superconducting materials by first-principles calculation using a guideline which is characterized by specific band structures of "flat band" near the Fermi level, such as multivalley [12] , pudding mold [13] , and topological-type [14] structures. If such kinds of flat band approach Fermi level, thermoelectric properties of electrical conductivity and Seebeck coefficient would be enhanced [13, 15] . If the flat band crosses the Fermi level, superconductivity would be realized due to high density of states (DOS) [16] [17] [18] .
Single crystal samples of the compound chosen by the above-mentioned screening were successfully synthesized. The transport properties of the obtained sample were evaluated under ambient and high pressure. Here we report the discoveries of not only the pressureinduced metal-insulator transition of the sample but also superconducting phases under further pressure. This work successfully demonstrates an exploration of new functional materials by data-driven search.
To search new thermoelectric and superconducting materials, we conducted the highthroughput first-principles calculations on about 1570 candidates of ternary compounds listed from the inorganic material database named AtomWork [19] . The selection of these candidate compounds was guided by the following restriction: abundant and nontoxic or less toxic constituent elements, and the number of atoms less than 16 per primitive unit cell. The first-principles calculations were carried out using the projector-augmented wave (PAW) method [20] within the generalized gradient approximation (GGA), in which the PerdewBurke-Ernzerhof (PBE) [21] exchange-correlation functional was used. For every candidate compound, we first carried out four steps of first-principles calculations including structure relaxation, self-consistent field (SCF) calculations, band structure, and DOS of its crystal structure. From the calculated band structures and DOSs, we narrowed down the number of candidates by selecting the compounds that shall have real or pseudo energy gap.
Additionally, a certain size (e.g., ≤ 0. 6 eV in the GGA-PBE calculations) in the band gap, high DOSs near the Fermi level or the valence and conduction band edges, and the flat band 3 were considered into the selection criteria. By this screening, the number of candidate compounds was reduced to 45. Then we carried out the aforementioned four steps of firstprinciples calculations for these 45 compounds under a high pressure of 10 GPa. By checking whether the band gap is decreased (or even the metallic behavior appears) or not, we screened out 27 promising compounds for our further studies to uncover their functionality.
Through the above screening procedures, SnBi2Se4 was chosen as a candidate for new thermoelectric and superconducting materials. The details of our screening scheme in the high-throughput first-principles calculations and the complete results will be given elsewhere. Single crystals of SnBi2Se4 were grown by a melt and slow-cooling method. Starting materials of Bi grains (99.9%), Sn grains (99.99%) and Se chips (99.999%) were put into an evacuated quartz tube in the stoichiometric composition of SnBi2Se4. The ampoule was heated at 300ºC for 8 hours, subsequently at 550ºC for 10 hours. The obtained powders were ground and loaded into an evacuated quartz tube. The sample was heated again at 700ºC for 10 hours, and slowly cooled to 620ºC for 8 hours followed by furnace cooling.
The crystal structure of the obtained sample was investigated by a powder X-ray diffraction (XRD) using a Mini Flex 600 (Rigaku). The chemical composition of the sample was evaluated by single-crystal structural analysis using a XtaLAB mini (Rigaku) and an energy dispersive X-ray spectrometry (EDX) analysis using a JSM-6010LA (JEOL). Figure   2 shows the powder XRD pattern of the pulverized sample. Most of the observed peaks were well indexed to trigonal R-3m structure with lattice constants of a = b = 4.26 Å and c = 39.17 Å, except for a few weak peaks of impurity phases. The single crystal structural analysis revealed that the actual composition is SnBi1.72Se3.54 calculated from the site occupancies. 4 The EDX analysis showed the composition of SnBi1.64Se3.53, which is in accordance with the single crystal structural analysis.
The thermoelectric properties of the obtained SnBi2Se4 were investigated. Figure 3 shows the temperature dependences of (a) electrical resistivity, (b) Seebeck coefficient, (c) carrier concentration, and (d) thermal conductivity under ambient pressure, measured by use of physical property measurement system (Quantum Design: PPMS) with thermal transport option. According to the slope of Arrhenius plot for the resistivity, the sample was determined to have a narrow band gap of 354 meV near room temperature, which is consistent with the GGA-PBE calculations. The negative Seebeck coefficient and negative slope of the Hall voltage indicate n-type nature of the sample, which may be caused by the vacancy defects. The thermal conductivity of ~1 W･K -1 m -1 was remarkably low even near room temperature. On the other hand, the small power factor of 9.1 μWm -1 K -2 and figure of merit ZT of 0.0038 near room temperature were observed as shown in Fig.3 (e-f), caused by its high resistivity. It is possible to improve these thermoelectric properties by decrease of resistivity using carrier doping [24] , or high pressure application [25] [26] [27] . The calculations of power factor based on the band structures under ambient and high pressure using a BoltzTrap code [28] suggests that the power factor could be enhanced by applying pressure around the metal-insulator transition, due to a decrease of resistivity. We therefore focused on the resistivity of the SnBi2Se4 under high pressure.
To explore the pressure-induced metal-insulator transition and superconductivity in SnBi2Se4, we performed electrical resistivity measurement under high pressure using an originally designed diamond anvil cell with boron-doped diamond electrodes [29] [30] [31] [32] . The SnBi2Se4 single crystal was placed at the center of bottom anvil where the boron-doped diamond electrodes were fabricated. Except for the sample space and electrical terminal, the surface of the bottom anvil was covered by undoped diamond insulating layer. The detail of the cell configuration is described in the literatures [31, 32] . The cubic boron nitride powders with ruby manometer were used as a pressure-transmitting medium. The applied pressure values were estimated by the fluorescence from ruby powders [33] and the Raman spectrum from the culet of top diamond anvil [34] by an inVia Raman Microscope (RENISHAW). the sample is dramatically decreased by applying pressure, and metal-insulator transition occurred at 11.1 GPa. In this region, high performance thermoelectric property can be expected in this sample. After that, the first superconducting phase was newly discovered under 20.2 GPa. The Tc was constant up to 42.9 GPa. In the pressure region higher than 47.3
GPa, we observed a higher Tc phase. This superconductivity survived up to at least 71.6 GPa.
In conclusion, a new thermoelectric and superconducting material was successfully discovered by data-driven materials search using a combination of first-principles calculation and high pressure technique. The high thermoelectric property of the chosen material SnBi2Se4 was simulated under high pressure around metal-insulator transition. The synthesized SnBi2Se4 single crystal showed two pressure-induced superconducting transitions with a maximum Tc of 5.9 K under 63.2 GPa. The present work will serve as a case study of the important first-step for the next generation data-driven material science. 
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